Infection with Mycobacterium Tuberculosis represents a significant threat to people with immune disorders, such as HIV-positive individuals, and can result in significant health complications or death if not diagnosed and treated early. We present a centrifugal microfluidic platform for multiplexed detection of tuberculosis and HIV biomarkers in human whole blood with minimal sample preparation and a sample-to-answer time of 30 minutes. This multiplexed assay was developed for the detection of two M.tuberculosis secreted proteins, whose secretion represents an active and ongoing infection, as well as detection of HIV p24 protein and human anti-p24 antibodies. The limit of detection for this multiplex assay is in the pg/mL range for both HIV and M.tuberculosis proteins, making this assay potentially useful in the clinical diagnosis of both HIV and Tuberculosis proteins indicative of active infection. Antigen detection for the HIV assay sensitivity was 89%, the specificity 85%. Serological detection had 100% sensitivity and specificity for the limited sample pool. The centrifugal microfluidic platform presented here offers the potential for a portable, fast and inexpensive multiplexed diagnostic device that can be used in resource-limited settings for diagnosis of TB and HIV.
Introduction
Tuberculosis (TB) is an infectious disease caused by aerobic bacteria of the Mycobacterium complex. It is spread through the air from lungs of infected persons during coughing or sneezing with the infectious dose being only a few bacteria. However, in many cases, the infection is latent and cannot be transmitted. In some cases, the infection becomes acute [1] and can be spread from person to person. One of the causes for latent TB to develop into acute TB is its combination with an impaired immune system, very often, a result of human immunodeficiency virus (HIV) infection [2] . Infection with HIV leads to an increased risk of developing, re-appearing, or having a reinfection with TB shortly after the onset of HIV infection, with risks increasing, as a patient becomes increasingly immunodeficient [3, 4] . The two diseases accelerate each other to form a lethal outcome [5] . Currently, it is estimated that as much as one-third of world's population that is infected with HIV is also co-infected with TB [6] . Infection with TB is the leading cause of mortality among HIVinfected patients. According to World Health Organization, 25% of fatalities among people infected with HIV are due to the TB disease [7] . The CDC has reported that infection with HIV is the major factor for transforming latent TB infection into an active disease [8] .
The co-infection poses a great challenge to the diagnosis and treatment of both diseases. For example, during early HIV infection stage, there is a noticeable decrease in production of CD4+ cells, which also leads to an increased risk of latent TB infection to advance to active [9, 10] . The active TB, in its turn, infects alveolar macrophages and limits the ability of the body's defense system to effectively contain its growth. The co-infection increases the viral and bacterial replication [11] . The increase of viral load on macrophages and other immune cells co-infected with both HIV and TB results in acute TB due to the existing HIV infection, increasing the morbidity and the mortality of the infected patients [12, 13] .
Currently available diagnostic assays can detect either HIV or TB with high sensitivity and specificity, but in order to differentiate between latent and active stages of TB, strategically different assays need to be developed. The existing diagnostic assays are based on host immune response and have to be performed and analyzed simultaneously [14, 15] . The TB skin or IGRA test do not differentiate between latent and active infections [16] [17] [18] . In addition, the IGRA test is not accurate in people infected with HIV since the test checks for Tcell secreted proteins (IFN-g) that are decreased during the ongoing HIV infection [19] [20] [21] . Among the many HIV detection tests available are the ELISA for detection of HIV antibodies as soon as 2 to 12 weeks after onset of infection and the detection of p24 antigen in blood 3 to 28 days. The two rapid tests available are for the HIV antibody detection in whole blood or saliva. Unlike the ELISA and rapid tests, the nucleic acids amplification tests (NAAT) detect genetic material (RNA) of the virus instead of antibodies. Liu et al showed a detection of TB secreted proteins using NanoDisk-MS in both HIV-positive and HIV-negative population with high specificity and selectivity [22] . However, the assay required long sample preparation time. Until recently, according to McNerney and Daley [23] , there were no tests that can compare to sputum smear microscopy and, in addition to long analysis time of each smear, such tests required a microscopy abilities and a skilled technician. However, many advances in analytical techniques were made and the Cepheid GeneXpert MTB test now allows detection of M.tuberculosis directly from sputum sample within 3-4 hours. It was approved by FDA and is claimed to be more sensitive than smear analysis [24, 25] . An already established PCR detection of M.tuberculosis, though rather expensive, is very sensitive, requires about two hours to complete, and is being used in remote locations in resource-limited settings [24] . An alternative approach to TB detection in HIV-positive individuals could be detection of secreted bacterial proteins, which will indicate actively reproducing bacteria. The detection of elevated numbers of secreted proteins or toxins would be the direct indication of an active infection. This strategy bypasses the problem of depending on the host immune response (which is likely not working properly in active HIV infection) to make a diagnosis of infection. Ag85B and 38-kDa represent such proteins in tuberculosis infection [26] . Both proteins impair host immunity by inactivating CD4 and CD8 T-cells. Ag85 complex is responsible for adherence and dissemination of TB inside the host as well as for cell wall synthesis [27] . The 38-kDa protein is a phosphate binding protein that serves as an initial receptor for active transport [28, 29] . The ag85 complex accounts for 30% of the total secreted proteins of TB and the 38-kDa protein accounts for another 10%. In addition, the ag85 complex can be detected in HIV-positive patients with high specificity [30] [31] [32] . The detection of bacterial and viral proteins is more reliable compared to the detection of antibodies and can be directly correlated to the number of reproducing bacteria and viruses [23] . For example, a single HIV virus has 2,000 copies of p24 protein (or, 1 pg of p24 corresponds to 10,000 HIV virus particles) [33] . Thus, the quantitative detection of p24 protein and viral load can result in placement of patient on the timeline of the initial HIV infection in order to achieve a better understanding of the onset time of TB.
In non-infected patients, no HIV or TB proteins should be detected. The main idea behind this assay is the detection of bacterial secreted proteins, which human body cannot produce. However, it is impossible to predict the concentration range of secreted proteins in infected patients, as every bacteria has its own requirements for reproduction and every human body reacts differently to bacterial intervention.
In this paper, we show the development of an ELISA-like multiplexed centrifugal sedimentation assay for detection of Mycobacterium Tuberculosis secreted proteins and HIV p24 protein along with antibodies in human whole blood. The assay was validated in samples spiked with protein of interest in presence of HIV-related protein and antibodies. For the proof of concept, the assay was also validated in clinical serum samples. The assay has a limit of detection lower than the regular ELISA, while having an advantage of detecting multiple proteins and antibodies from one blood sample within 30 minutes.
Materials and Methods

Microfluidic assay design
The basic principle of the centrifugal microfluidic assay is that centrifugal force propels the liquid from the center of the disk towards the rim of the disk during spinning. This centrifugal movement requires only a simple motor to rotate the disk and to move the fluid in one direction. The entire assay is performed on a single disk without the need of centrifuges, external pumps, or any other additional equipment. The fluid movement inside the microfluidic disk does not depend on ionic strength or pH of solution. The reagents movement inside the disk' wells depends only on the principle that heavier particles will move further through the gradient than lighter particles, depending on the density and viscosity of the density gradient [34] .
The heaviest particles, in our case, the carboxylated silica beads with analyte, capture and detection antibodies will move through the density gradient all the way to the tip of the well at the rim of the disk. The unreacted reagents, as excess analyte and detection antibodies will be left behind the density gradient since their density is less than the density of the gradient. This approach of moving reagents through the gradient allows adding all assay components to the disk simultaneously and performing an assay without the washes between different steps. The density gradient acts like a wash, removing the non-specific binding and eliminating false-positives. The sample, being pushed through the gradient, experiences friction forces, helping it to eliminate the non-specific attachments and retain only the covalently bonded and specific ones.
The centrifugal microfluidics approach becomes very useful especially when working with whole blood samples [35] . One of the biggest pros is that absolutely no sample preparation or cleanup is necessary. Whole blood can be pipetted to the disk as is, without prior separation steps, which are done directly on the disk while the disk is spinning. When a 10 μL whole blood sample after a 20-minute incubation with analyte of interest, capture beads and detection antibodies is pipetted onto a disk, the only remaining step is to turn the motor on and spin the disk. The reagents will separate according to their density. The beads with capture antibody, bound analyte and detection antibody, still being the heaviest particles, will spin all the way through the density gradient to the tip of the well, leaving behind the unreacted reagents and the rest of the blood sample separated into fractions. The red blood cells will be right at the top of density gradient, followed by the white blood cells closer to the center of the disk, followed by other fluids leftovers from density gradient, beads and detection antibody, closest to the center of the disk.
Statistical analysis
The average background fluorescence signal (n=3, mean intensity of silica beads with capture antibody only, without analyte and detection antibody) was subtracted from the collected individual raw data points. The average value of the signal intensity for every protein or antibody concentration was calculated. To normalize the data, all the averaged values were divided by the averaged fluorescence intensity of the highest protein or antibody concentration. The standard deviation was determined by calculating the square root of the sum of squared standard deviations of background and averaged data points. The error bars represent ±1 standard deviation. Kaleidagraph software was used for curve fitting and determining of limit of detection (LOD), limit of quantification (LOQ), R2 and chi-squared values. 0.1% error and firstdegree parameter partial derivatives were allowed for calculations purposes. All curves are represented as sigmoidal fit with R2 values are higher than 0.98. The limit of detection and the limit of quantification were set as three and ten standard deviations, respectively, higher than the signal for negative control sample, which included functionalized silica beads incubated with corresponding fluorescently labeled antibody but without the analyte of interest.
Silica beads functionalization
20 mg of 1 mm carboxylated silica beads were washed with 1000 mL of 0.1 M MES buffer twice, sonicated 20 min, washed twice with MES, and resuspended in 800 mL MES. Ten milligram each of EDC and NHS were dissolved in 200 mL MES, added to the washed silica beads and allowed to incubate for 30 min at 25°C with continuous rotation. The beads were washed twice with 1 mL MES, twice with 1 mL PBS, and resuspended in 900 mL PBS. One hundred microliters NaHCO 3 , and 20 mg of desalted antibody were added to reaction and allowed to incubate overnight at 4°C with continuous rotation. After two washes with PBS, the beads were blocked with 3% SeaBlock at 25°C with continuous rotation for 60 min, washed with wash buffer and resuspended in 100 mL wash buffer. The beads can be stored in wash buffer at 4°C up to six months. 
Antibody labeling with fluorophore
Using 100-kDa filter, the antibody was concentrated to 10 mg/mL. Fourty five microliters PBS and 5 mL NaHCO3 (0.1 M) were added to concentrated antibody. Five microliters of stock Alexa 488 Fluorescent microspheres (9.51E+12 spheres/mL) were mixed with 5 mL DMSO; 10 mL of mix were added to detection antibody solution and incubated for two hours at 25°C with continuous rotation. The reaction was eluted with Zeba 7 kDa column based on manufacturer's protocol and the eluent was measured at A280 and A488 to determine the degree of labeling. The concentrated fluorophore-labeled antibody could be stored in 1% v/v SeaBlock/PBS solution at 4°C up to six month; antibody diluted to a working concentration has to be prepared daily.
Microfluidic disk set-up
The disks were designed in AutoCAD and fabricated from three layers: a layer of pressure-sensitive double-sided adhesive (9474-12 × 12, 9474LE 300 LSE, 3M, St. Paul, MN) sandwiched between two plastic sheets (cast acrylic PD-15401710, 0.060 × 12 × 24, McMaster Carr, Atlanta, GA). The top plastic layer contained fluid access and vent openings, while the channels were cut in the adhesive layer. The bottom layer of the disk contains no openings. Universal Laser Systems 60 Watt VLS 6.60 was used to draw the pattern in layers. The disks were manually assembled and the layers were pressed together using Jack Richeson & Co. "Baby Press" (Kimberly, WI). The total final volume of each of the 21 wells on the disk was 15 mL.
Fluorescence detection
Fluorescent detection of labeled antibodies in the disk was performed using a Nikon Inverted Microscope Eclipse Ti, Melville, NY. The microscope lens with magnification 10x and exposure time of 40 milliseconds were used throughout all experiments. The excitation and emission wavelengths were 495 and 519 nm, respectively. An area of 1,000,000 pixels (0.5 mm 2 , approximately the entire bead area) was designated as "detection area" to record the mean intensity of each sample. The mean intensities of three replicas of each sample were collected and averaged to determine the average values and standard deviation of samples. After incubation with corresponding detection antibody for 10 minutes, the reaction was added to the disk with density gradient and spun at 5000 RPM to allow separation of capture beads with bound analyte and detection antibody from unbound reactants. Fluorescence signal was detected and quantified at the bead area at the tip of the channel.
Mean intensity of almost the entire tip area, 0.5 mm 2 that was designated as reading area, was recorded for all samples. The images were acquired at room temperature. The raw data was then averaged, No significant photobleaching was observed throughout our experiments due to relatively photostable dye (Alexa 488), short exposure time (40 milliseconds), large working distance (7.5 mm), and illumination of samples through 10x (low-power) objective. The exposure of samples to the light was minimized to 1-2 seconds during focusing. Standard excitation intensity, as well as standard gain and power were used in all experiments.
Assay design
Silica beads functionalized with capture antibody were incubated with protein of interest in ten-fold serial dilutions in human whole blood for 12 minutes. Detection antibody labeled with Alexa488 fluorophore was added to each reaction at a concentration 60 nM and allowed to incubate for additional 10 minutes, as shown in Figure 1 . Density gradient Histopaque 1119, 3 mL, was applied to each well and briefly spun. After incubation was done, 5 mL of reaction volume (in 3 replicas) were dispensed into wells on a disk and the disk was spun at 5000 rpm for 45 sec. A more detailed assay design is explained elsewhere [36] .
Results and Discussion
To gain an insight on how TB is progressing in a specific patient, one can evaluate the type of secreted proteins as well as their amounts. For example, ag85 complex appears as the first sign of an active TB, while appearance of 38-kDa protein indicates advanced or established disease [37, 38] . Also, the ag85 complex can be detected in culture media as early as 2-4 days, much earlier than the antibodies at detectable levels start being produced. Keeping in mind that the survival of patients with advanced HIV infection and onset of active TB may only be measured in days or weeks, the earliest possible detection of acute TB is crucial [39, 40] .
The preliminary experiments were performed in different batches of single donor human whole blood (cat # IPLA-WB1, Innovative Research, Novi, MI). All blood was tested and found negative or nonreactive by Innovative Research Inc. using FDA approved methods. Upon receipt, the blood was aliquoted into 1 mL volumes and stored at 4°C. Before each experiment it was allowed to normalize to room temperature for 30 minutes. All blood had 10% sodium citrate as anticoagulant.
Detection of HIV and TB markers in spiked donor blood
In all assays, the background fluorescence was subtracted from the fluorescence signal and the detection limit was calculated as three standard deviations from the negative control sample.
Single protein detection
Protein of interest was spiked into blood in 10-fold dilution series. For detection of 38-kDa protein, antibody clone HTM82 was used for capture and antibody clone HTM81 was used for detection. For detection of ag85B protein, the same polyclonal anti-ag85B antibody was used for capture and detection. For detection of HIV p24 protein, purified human polyclonal anti-p24 antibody was used for capture and antibody clone 9072 was used for detection. For the detection of human polyclonal anti-p24 HIV antibodies, human p24 protein was used as capture and mouse anti-human (Fc) antibodies were used for detection. All proteins were ten-fold serially diluted starting at the concentration 1 ng/mL and purified polyclonal human anti-p24 antibody was diluted three-fold starting at the concentration of 6.7 nM (4 × 10 8 antibodies/mL). The procedure is described in Assay Design section.
Multiplexed protein detection
All experiments were performed on the same day in the same batches of blood as the single protein detection. For every analyte of interest, a mix of other analytes was added each at a concentration 1 ng/mL per reaction. For example, for the multiplexed detection of ag85B protein, the human anti-p24 antibody, 38 kDa and p24 proteins were added to each sample including the negative control. The assays were performed as explained in "Assay Design" section and the results were analyzed with fluorescent microscope. In Figure 2 , the assay Limit of Detection and Limit of Quantification are as following: 3.12 pg/mL and 12.95 pg/mL respectively for the single p24 detection, 6.93 pg/mL and 23.07 pg/mL for multiplexed p24 detection; 24.56 pg/mL and 146.91 pg/mL for single 38 kDa protein detection, 53.32 pg/mL and 168.16 pg/mL for multiplexed 38 kDa protein detection; 3.11 pg/mL and 10.25 pg/mL for single ag85B protein detection, 7.53 pg/mL and 18.76 pg/mL for multiplexed ag85B protein detection; 1.76 pg/mL and 151 pg/mL for single human antip24 antibody, 135.5 pg/mL and 1.2 ng/mL for multiplexed human antip24 antibody. The data for single protein/antibody detection is located in Supplementary Figure 2 .
Detection of HIV and TB markers in patient samples
Frozen de-identified serum samples previously confirmed to be HIV-positive by ELISA and Western Blot followed by PCR for viral load (n=18) were tested. In addition, HIV-positive serum from one active pulmonary TB-positive case and serum from one TB-positive, HIV-negative case (n=2, confirmation of TB by PCR from sputum) were tested. Each sample was analyzed for presence of human anti-HIV antibodies, p24 protein, bacterial 38kDa protein, bacterial ag85B protein, human anti-38kDa antibody, and human anti-ag85B antibody using the same reagents as in spiked samples ("Assay Design" section). Each sample was treated with buffer to separate the antibodies from proteins as described in Materials and Methods section. The sample then was serially diluted 10-fold with wash buffer and the assay was performed as described in "Single Protein Detection". The negative control samples represented samples that were HIV-negative as confirmed by PCR and TB-negative based on clinical picture. The negative control for the NTC samples (No Template Control samples) were the assays run in buffer, as an opposite to assays run in blood sample. The specificity of the assay for HIV detection was 7/8 (87.5%) and the sensitivity was 18/20 (90%).
Citation:
Between the two available patient samples with TB infection, one had the co-infection with HIV. When analyzing for HIV and TB proteins, the sample dilutions corresponded to the dose-response curve (Figure 3 ) and the patient samples were confirmed to be HIV and TB positive. The second TB-positive sample was HIV-negative (confirmed by PCR) and showed fluorescent signal similar to the background signal in assays for HIV detection. The assay for TB protein detection showed a dose-response result (Figure 4 ). Figure 4 : Detection of TB proteins in TB-positive/HIV-negative sample. Tuberculosis sample was treated with 1 M HCl for 15 minutes and 1 M NaOH/HEPES for 5 minutes. The treated sample was serially diluted 10-fold. 10 microliters of sample dilutions were incubated with anti-ag85B antibody beads and another 10 microliters were incubated with anti-38kDa (HTM 82) beads for 10 minutes. 5 microliters of detection antibody (anti-ag85B and HTM 81) were added and allowed to incubate for 10 minutes. The "zero" sample was the TB-negative/HIV-negative sample diluted 1:10.
In order to simultaneously detect HIV and TB proteins, negative control experiments were performed to evaluate cross-reactivity of human/commercial antibodies. Three different HIV-positive samples and one TB-positive sample were treated for protein separation and incubated in non-specific assay. Each sample was incubated with HIV and TB reagents, such that three HIV samples should be only HIVpositive and the TB sample should only be TB-positive (sample TB2 was the TB-positive, HIV-negative sample). None of the HIV samples showed any cross-reactivity with TB reagents, however, the TB sample showed an elevated background when incubated with 9072 HIV capture antibody (Supplementary Figure 2) . SF2: Specific and non-specific binding assays for protein and antibody detection in HIV and TB samples. Three HIV-positive/TB negative and one TB-positive/HIV-negative samples were treated with HCl/NaOH-HEPES buffers and diluted 1:1000 with wash buffer. All the samples were incubated with HIV beads (blue) and TB beads (red). When the TB sample was incubated with HIV 9072 ab beads and 9071 det ab, it showed an elevated signal, compared to the NTC control, but not after incubation with p24 protein beads and anti-human det ab. The HIV-samples did not show cross-reactivity with TB beads and antibodies.
The negative control experiments were conducted on the HIVpositive samples to confirm the antibody cross-reactivity seen in the SF2. HIV capture beads modified with p24 protein and HIV 9072 antibodies were incubated with HIV-positive samples and added an HTM81 TB detection antibody in both cases. As shown on the graph, the elevated background independent of dose-response curve existed when 9072 HIV capture beads were incubated with HTM 81 TB detection antibodies. This experiment confirmed the cross-reactivity seen in SF3.
SF3: Cross-reactivity assays for multiplexed assay tests. Negative control assay was performed on HIV-positive samples. The nonspecific TB detection antibodies were added to incubate with HIVpositive samples and HIV capture beads to bind either p24 protein (9072 antibody beads) or human anti-p24 antibodies (p24 protein beads) from the samples. As can be seen, the 9072 capture beads cross- Among the 19 available HIV-positive samples, one of the samples had lysed red blood cells and could not be analyzed. The remaining 18 HIV-positive samples were treated with HCl-NaOH/HEPES buffer and analyzed for presence of antibodies and proteins. As shown, the assays for protein detection could not detect p24 protein in two of the samples (samples 11 and 18), as shown in SF3. The possible explanation is that a) the infection is established and is older that 3-5 months, so the antibodies have higher avidity and do not release the protein even after the buffer treatment, and b) the patients undergo an HIV treatment and do not have the detectable amount of the virus any longer. The antibody detection, on the other hand, did not show any false-negatives for any of the samples (SF4). The negative control for both protein and antibody assays were the HIV-negative samples.
SF4: Detection of p24 protein in HIV-positive samples. HIV samples were treated with 1M HCl for 15 minutes and 1M NaOH/HEPES for 5 minutes. The treated samples were diluted 1:1000. 10 microliters of sample dilution were incubated with anti-HIV antibody beads for 10 minutes. 5 microliters of HIV detection antibody were added and allowed to incubate for 10 minutes. The "NTC" samples were the HIVnegative sample diluted 1:1000. Out of 19 HIV-positive samples, p24 protein was detected in 16 samples. One of the samples had red blood cells lysed and was not used. Two samples (18 and 11) showed a falsenegative signal for p24 protein detection. SF5: Detection of human anti-p24 antibodies in HIV-positive samples. HIV samples were treated with 1 M HCl for 15 minutes and 1 M NaOH/HEPES for 5 minutes to separate the protein-antibody complexes. The treated samples were diluted 1:1000. 10 microliters of sample dilution were incubated with HIV p24 protein beads for 10 minutes. 5 microliters of HIV anti-human detection antibody were added and allowed to incubate for 10 minutes. The "NTC" samples were the HIV-negative sample diluted 1:1000. Out of 19 HIV-positive samples, human anti-p24 antibody was detected in all 19 available samples. The two samples (18 and 11) that showed a negative signal for p24 protein detection, showed a positive result for antibody detection.
To further characterize the ability to produce reliable result, the assay was performed on samples previously determined HIV-negative by PCR. Among 7 samples, one showed a slight increase in fluorescence signal (1400 a.u. compared to 600 a.u of the background or to 3500 a.u. average signal of positive control). The negative control for the NTC samples were the assays performed in buffer. The detection of human anti-p24 antibodies in negative control samples gave negative results. There were no false-positives. The negative control for NTC samples were wash buffer samples for both protein and antibody detection assays. The capture beads for antibody assay detection had p24 protein beads and the detection antibody was antihuman (SF6).
SF6: Detection assay in HIV-negative samples. HIV-negative samples were treated with 1 M HCl for 15 minutes and 1 M NaOH/ HEPES for 5 minutes in order to have comparable time and dilution scales. The treated samples were diluted 1:1000. 10 microliters of sample dilution were incubated with HIV anti-p24 antibody beads for 10 minutes. 5 microliters of HIV anti-human detection antibody were added and allowed to incubate for 10 minutes. Out of seven available HIV-negative samples, one samples showed a slightly elevated positive result for p24 protein. However, no anti-p24 antibodies were detected later for that sample (results not shown).
Conclusion
The primary goal of this work was to develop a proof-of-concept multiplexed assay for detection of M.tuberculosis secreted proteins in HIV-positive patients in limited settings environment. The detection of secreted proteins is the most reliable way of diagnostic of acute ongoing disease, as an opposite of antibody detection, which can be present also during latent infection. As shown, our microfluidic immunoassay is a fast (30 minutes) and simple way to detect the secreted proteins at very low levels (pg/mL) directly from human blood samples without long time of sample preparation. In a spiked multiplexed assay, the limit of detection for p24 protein was 6.93 pg/mL, human anti-p24 antibody 5.62e6 ab/mL, ag85B protein 7.53 pg/mL, and 38-kDa protein 53.32 pg/mL.
To confirm the spiked assays, clinical samples with known infection status (determined by PCR) were analyzed to detect HIV and TB. The two available TB samples were confirmed to have the secreted TB proteins and human antibodies by our assay. Among the 18 HIVpositive samples, only 16 samples were confirmed to have the p24 protein present (2 were false-negative) and all 18 samples were confirmed to have the human anti-p24 antibodies. Among the seven available HIV-negative samples, one was HIV false positive in p24 protein detection. None of the negative samples were positive for antip24 antibody detection.
This work was a proof of concept that active tuberculosis disease can potentially be detected based on bacterial secreted proteins from blood samples. Furthermore, the assay can be used for detection of other proteins of interest by substituting the capture and detection antibodies and can be developed within a short period of time.
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